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What do we measure at CMS?

Decays
 BR(t->Wb)/BR(t->Wq) =CMK
Vil
* W-helicity =>anomalous
Production couplings
* Cross section: Total and « t->H'b
differential « BSM top decays
 Asymmetries
* Polarizations _ Intrinsic Properties
» Associated productions . Mass
* Resonances « Charge
* FCNC single top + Lifetime, width

spin correlations

* Top provides a huge spectrum of measurements on SM and BSM

* Many analysis: different analysis per decay/production channel

e AtLHC two different cm energies

e NOT ALL COVERED HERE =>try to give a representative overview of top in CMS
» Newest analysis are prioritized
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° Heaviest quark =>maybe § [ Wmpemcnumn |||t
special role? 30k 5w anemon 3
° Does not hadronize before o[t '
decaying =>allows to study a | ]
free quark . |

e Decay almost 100% to Wb.top =3}
to other decays is < 0(10-13)

wasf T & | B
. . o’ (] fitter] .1
° Total and differential rates are | 24000 AU A0 | T et
calculated with good precision m (GoV)

0(10%)

e Important background for SM
higgs and other BSM searches

e Opens a door to new physics
search => May reveal non
standard contributions and
new particles
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Top Production

Quark anhilation

t
Top Pair_ / t <

[ Czakon, Fiedler,Mitov,arXiv:1303.6254 |

t
T N T Y PS—

172.0+44 _ +47 245.8+62  +62 Gluon Fusion
s 8¢ 764 Dominantat LHC (80%)

M, = 173 GeV q z v
b w
. \/\/\ b
Single Top W \ b
N.Kidonakis,arXiv:1205.3453v1 q’ b t
g
65.9+21 15 _  §7.2+28 +20 o _~q b w
4.56£0.07 +018 5.55 +0.08+0.21 W 2 J/ %\' [
b \ t e o8 '
15-2i0.4’+1'0_1_2 22.210.6i1-4’ ’ 9999/_‘_“__‘-‘ i" 0 g t
g —5
t-channel Wt-channel

S R Tl G T




Top Decay

Top decays x100% Wb,

|Vtb|>>|Vtd,|Vts]| I*, g
Events are classified w?* v, G’
according to W decay ——

Slgnal
Triggering on lepton or jets
* Up to two Iso.l high Pt leptons(l+jets
or dilepton)
* Missing Transverse energy(l+jets or
dilepton)
* Two to six high Et jets(l+jets, dilepton,
fully hadronically)
* Alwaystwob’s
Backgrounds
QCD multijet =>fully hadronic

W+jets (Wbb/cc) 2>1+jets
e 12l ., Dibosons=>l+jets,dileptons
] £ Drell-Yan =>dileptons
]
ps % g = 46% Single top is bkg for top pair and
viceversa
tautjets
muon+jet$4-50 0 Tools
electron+jets b-tagging
ud o5 t-tagging
Top at CMS 5




Top Production




At Vs=7 TeV

CMS Preliminary, \'s=7 TeV

At Vs=8 TeV

CMS Preliminary, \s=8 TeV

CMS e/u+jets
TOP-11-003 (L=0.8-1.1/fb)

CMS t+jets
TOP-11-004 (L=3.9/fb)

CMS dilepton (ee,up,ep)
TOP-11-005 final (L=2.3/fb)

162+ 2+ 5+4pb

(val. £ stat. £ syst. lumi)

CMS dilepton (et,ut)

H

—
CMS |+jets (e/u+jets)
TOP-12-006 (L=2.8/fb)

@
CMS dilepton (eeup,ep)
TOP-12-007 (L=2.4/fb)

228+ 92 +10pb

(val. £ stat.£ syst. = lumi)

227+ 3+11+10pb

(val. £ stat. £ syst. = lumi)

Combination up to 2.8 fb-1at 8 TeV (CMS PAS TOP-12-007)

0=227+3(stat) +11(syst) £ 10(lumi) pb

Top at CMS

Ratio:

s 143+14+22+3pb @
AXNIZ036810 (L2 210) oz CMS combined 227+ 3£11£10pb
d (val.+ stat. £ syst. % lumi)
CMS all-hadronic 136 + 20 + 40 + 8 pb
TOP-11-007 (L=1.1/fb) (val.% stat.+ syst. o
e 000 Ko 2 o
= B s e A e R k=
— NLFQCD | l ‘ J \ \ ‘ ‘ IE
0 50 100 150 200 250 300 0 100 200 300 400 \b/
o(t) (pb) o(t) (pb)
10
Combination up to 1.1 fb-'at 7 TeV (CMS PAS TOP-11-024)
0=165.8+2.2(stat) £10.6(syst) * 7.8(lumi) pb
0=173.812.3(stat) £7.6(syst) x 6.3(lumi) pb!
LHC results 10

*Measuments are from likelihood fits (1
+jets,hadronic) or counting methods
(dileptons)

*Data driven estimation for the main
back. contributions

(8 TeV)/o(7 TeV)=1.41+0.10

CMS Preliminary

- ® CMS combined 7 TeV (1.1 fb™
= CMS combined 8 TeV (2.8 fb')
o CDF
o DO

Approx. NNLO QCD (pp)
Scale uncertainty
Scale ® PDF uncertainty
Approx. NNLO QCD (pp)
Scale uncertainty
I Scale ® PDF uncertainty

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 NNLO PDF, 90% C.L. uncertainty
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Differential Cross sections

Done at Vs=7 and V's=8 TeV in l+jets and dilepton Measure as a function of kinematic

properties of final state objects(l,b),

CMS Preliminary, 12.1 fb" at ys = 8 TeV CMS Preliminary, 12.1 fo™' at {s = 8 TeV
SOt e L top and ttbar system
N e/u + Jets Combined ¢ Data S - e/ + Jets Combined e Data . . .
§ - é%%ﬁr:l 3 ol _mderm i * ttreconstruction:
2 S 1ol e roeee * L+jets : constraint kinematic fitte
10* [C_JQCD Multij 4
2 Egi_ggle'l%pje o 10 (CMS PAS TOP-12-027)
3 Iboson .
10  Dilepton channel use an
10° E 10 alternative kinematic
10 reconstruction with top mass
1 10° range wider. (CMS PAS
i . TOP-12-028)
1l 111l NN NN INEE NN 111 1111 11 6 l S— ‘ o L l S l — l L L ‘ —
100170203 04 05 06 07 08 09 1 197400 600 800 1000 1200 1400 1600 * 5.4% and 3.9% typical Syst.
probability (best fit hypothesis) m" [GeV] Uncertainties for 1+jets and dilepton
10 CMS Preliminary, 122 fb'at \s = 8 TeV CMS Preliminary, 12.2f6'at \s = 8 TeV ChannelS respectively
Lo IR LRI BRI IR B L I L R ALY LR LR RARRN RARRS RARRN R
% [ Dilepton Combined e Daa 18f [ Dilepton Combined e Data ]
g 6 E“:Signa' - s L —— MadGraph ] . . .
e | L R MC@NLO ]  Normalized differential cross
5] E Widets 1 C --- POWHEG ] : i
£ moToews ] sections -> cancels out systematic
o F [_] Diboson B ’ . .
g £5/a00 Mutiet 3 : . uncertainties
E Good agreement between data

and theoretical predictions, no
deviation observed

150 200 250 300
P [GeV]
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CMS Preliminary, L=5 fo™" at {s=7 TeV
L L L

. . . u - CMS Preliminary 5.0 fo, ys = 7 TeV 2} T
]et mUltlphClty In tt LAPE T T T g (2 e
§ E e, 23 jets, 22 b-tags [ 3 -gi
i1} 10° r [ Single Top ; ‘_|b~
e | 0 =
3 [J QCD Multijet ; - # Data (combined) [ wp— .
AtVs=7 TeV o == :
. . . 10 é : tf MadGraph+Pythia :
* This probes the simulation - N s S
. . . . . 2 S tt MC@NLO+Herwi —
for high jet multiplicity QCD E ’ -
at top Scale g 1_15 —— E — tt POWHEG+Pythia -,-.-.-‘...‘-.i
. 0nO . % 1: hd = * L4 . © - | | L | | 1
. MeasurethemltlalandflnalDo.s3..A....é67>:j N ]
- . . TSR] W R AS— Frooeeoe =
state radiation contributions Lviet ch | 5 e :
+ 0.5 : : ' : ' =
« Important for Top, Higgs and jet channe 3 4 > 6 v 28
many BSM analyses CMS PAS TOP-12-018 Jet Multiplicity
° Measurement unfolded at MCS N _ Dllepton Channel CMS PAS TOP'12'023
level in visible experimental CMS Preliminary, 5.0 o™ at\s=7 TeV CMS Preliminary, 5.0 fb™" at\s=7 TeV
. S 1= Dilepton Combined | | ohd o e F _ 3
phase Space S = ; 193 £ Dilepton Combined ]
© 0.95 ERL IS |
Q 09— +
MC@NLO shows some Goss- ERP ]
discrepancy in the number 0SE e g y
. . . 0.75[ * = " e Data e 1
= [ ] Syst+Stat error ] 102 +Pythi =
of jets at high Pt jets o7t AV  — NdGrhePyi E
0.65¢ —— POWHEG+Pythia = F - MadGraph Q¥/4 ke
o 67 -== MC@NLO+Herwig = 10° £ --- MadGraph matching up H 3
Tt with veto on extra jets e e -~ MadGraph matching down :
Constraint QCD radia‘iion g 105 EIE ;
S | I — R R ——
S 095" 18 sk . %1""'.'—'—
= 50 100 150 200 250 300 350 _ 40( 2 3 4 5 >6
P, [GeV] Jets
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tt charge as mmetr

* NLO correction & oul CuSpaimnay 1 ]
introduce small DR
asymmetriesintand | — NeOprediton |
tbar rapidity 02f 1
distributions at ppbar | |
prOdUCtlon O__ i 7 :’;F i ICI\/]IS'_l?r'eIir‘r}inYar)[/ o Y—YV—Y(Da[ta-IBG)IUnfoIded )
« At LHC initial state are IR SN
symmetric=z> no L]y e
differences 0 05 1 JEe | :
Tevatron top ¢ r ﬁt 4
mi-top 0.5 ! —
R:pidity
e A top e B e !
anti-top IytI-Iy_I
/A\ Dilepton channel (CMS PAS TOP-12-010) t
A I y |=| yt |_ | yf | R:pidny Ac= 0'05010'043(Stat)+0'010-0.039(sy5t)
N(A|y|>0)-N(A|y|<0) A,~0.010%0.015(stat) +0.006(syst)
¢ N(A|y|>0)+N(A|y|<0) L+jets channel (Phys. Lett. B717 (2012) 129)

A.=0.004+0.010(stat) £0.011(syst)

L RVir | Top at CMS W]




Sin

le Top Cross Section

CMS Preliminary, 5.0 fb ', {s =8 TeV

t-channel single top quark production

R R RARRNEE RN EREENREsE RS Ea F — r
1200 700 CMSNs=7TeV,4.9fb
-#-data C
1000 .I-char 600
th.tw- r
800 Wz

[Jaco

600

400

200

III|III|III|III

Ratio:

o(t-channel)[pb]
*lepton+MET+b-jet+recoil jet
*Signal extraction by fitting, |M;ecol
distribution

0
10t0 099 099to0.7 07to07

E i —— T T T .

* Data H Q | B CMS preliminary, 5.0 ' |
Eth b ®  CMS 117156

-tZtIY'.,,jets 4 102 Y D054h" E

n 1 -

& Other & COR75M ]

T T T TIrTT

10

NLO QCD (5 flavour scheme)

mms  theory uncertainty (scale  ® PDF)

IIIIIII[

Campbell, Frederix, Malloni, Tramontano, JHEP 10 (2009) 042

T T T TIr

NLO+NNLL QCD

theory uncertainty (scale ® PDF)

LR
IIIIIII

Kidonakis, Phys.Rev.D 83 (2011) 091503
I T T AN TN SN S SN N W R

4 5 8 10
Vs [TeV]

0.7t00.99 089t0o1.0
BDT discriminant

o

o(tW)[pb]

*Two leptons+MET+b-jet
*Simultaneous fitting to MVT
output in different jet-bin regions

Vil

JHEP 12 (2012) 035

7Tev 67.2+3.7(stat) £4.6(syst) +2.5 (lumi)

(L=5.0fb)

CMS PAS TOP-12-011

16*>_, (sign. 40)
Phys. Rev. Lett. 110
(2013) 022003

]__()4*‘0-10_0.13(eXp)+0'03_0_04(th)




o(t)/o(t) in t-channel

At Vs=8 TeV u J

, CMS Preliminary, 12.2 fo!, Muons, Vs = 8 TeV

7] IllIlllllIllllIlllllllll]llllllllllllll
S

8 250;_ Wt-channel
pp CO]llSlOI‘l u denSIty is ~ ZX d W w CMstO %:AS TOP-12-038C = Eltsv:::::
density 2>is expected to be N Eﬁ~
larger thal.l 1 | . . -
Top decaying leptonically to e E
Or u. d u DSysL
Background estimations ..
through data driven techniques Yo R
Performance a fit in the n | | |  charee

1 1 1 reliminary, 12.2 fo™,\'s =
distribution of the non b-tagged b T A e e e
jet for the I*(I') distributions CHSEIIEIO 1 022 o I
simultaneously s 5
R=1.76+0.15(stat) £0.22(syst) - -
Agrees with predictions |
MSTWO08 NLO 90CL N.=4 | -
SF(R,,/Rsy)=0.96 +0.08(stat)+0.12(syst) = * 5
HERAPDF 1.5 NLO .
o(top) = 49.9+1.9(stat)£8.9(syst) pb. i veor 2. v =
o(anti-top) = 28.3+2.4(stat)+4.9(syst)pb. | NSRS RPN PPN SRS PN SRS PR S
Ratio = o(t)/o(%)
T Top at CMS




A LN B B LA |

termination of a

——— CMS 2011, 2.3 fb"

2201~ _4— Top++ 1.3 with NNPDF2.1 m, = 173.2 GeV
¥— HATHOR 1.3 with NNPDF2.1
200 ...m--- Top++ 1.3 with MSTW2008
% Top++ 1.3 with HERAPDF1.5
180 - <~ Top++ 1.3 with ABM11 v ety

v "
------
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o (m,)=0.1178*0:0046 ; 010

In good agreement with the world
average (0.1184+0.0007)

CMS-PAS-TOP-12-022

ge ' L 1 1 l L ' ' l L L L L L ' I L 1 1 L L ' L
011 0.112 0114 0116 0118 0.12 0.122 0.124
as(mz) 1of 2011 CMS datax approx. NNLO for Gp \s=7TeV.m =173.2+ 1.4 GeV
I T L] L) I T L) T l T T L] l T Ll T ‘ :I 1 T l T T T I T L] T I T T T I
0 Using the measurement top cross W Topr+ 1 3
section at 7 TeV, and approx. NNLO - HATHOR 13 o!
QCD prediction for the cross section &
with different PDFs=> the ay is . H v H  NNPDF21
extracted E * —
0 Top++ and NNPDF used for extraction H 4 T 1 MsTw2008
of o (less assumptions of PDF
. . | )
parametrization) b . H ¥ " HERAPDF1.5
0 Maximum likelihood of the predicted — v |
. 1 L
and measured cross sections ABM11 - A .
I L L ' l L ' I [ 1 I L l I A ' ! ;l 1 L l I L L I I L L I A L I I
0.1 0.112 0.114 0.116 0118 012 0.122 0.124 0.126
(xs(mz)
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Top decays




CMS PAS TOP-12-035
At Vs=8 TeV

Dilepton channel: two high iso. Pt leptons, with MET
and two jets

*Back. are estimated using Data Driven techniques

*Extract with PRL fit on jet multiplicity that accounts
for

Fraction of ttbar in sample and single-t

*Fraction of events with correct jet assignment
*B-tagging efficiency and misidentification

CMS preliminary, {s=8 TeV, [L=16.7 fb"

T

=P 99.7% CL
I 95% CL
08

Q "7t [l es% cL
L2 07

=

Tos

a

IIIIIIIIIIIIlllllllllllllll|l||l|l|ll|l|l||lll|
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<
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O 45
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20000
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50005
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1.05

Sl b
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n 1.023+0.036-0-034

959%.C.L.
constraint

o oo

Top at CMS

Most precise measurement




SM at NNLO in QCD

——&—— CMS (u+jets, 2.2 fb"' f5 = 7 TeV)

V-A SM nature of the tWb is tested with cos6*
F, =0.311+0.005, F,= 0.687+0.005, F;=0.0017+0.0001

SM: V, # 0 and gz=g,=Vy=0
Use a likelihood method

CMS PAS TOP-12-020

single-top( 1+jets at 7+8 TeV)
F; =0.293+0.069(stat.)+0.030(syst)
Fy=0.713+0.114(stat)£0.023(syst)
Fr=-0.006£0.057(stat)=0.027 (syst)

CMS PAS TOP-12-015

ttbar(dilepton at 7 TeV)
0.288+0.035(stat.)£0.050(syst)
0.698+0.057(stat)£0.063 (syst)
0.014+0.027(stat)2£0.055(syst)

F
Fy
Fg

CMS prolminary 53 %' f5 <0 TeV
.
M ichano
IW.chamnel
s-channe
et
- Discson
-;- =00 B welotn
-~ B Ledels
oCy
St Une

CMS PAS TOP-12-025
ATLAS+CMS(at 7 TeV)

L = 0.359+0.021(stat.)+0.048(syst)
F0= 0.626+0.034(stat)£0.048(syst)

=-0.015+0.034
Top at CMS

Helg )
>

Phys.Rev.D81(2010)
Statistical Unc.
SystematicUnc. |, . ,rias(.o4m’5=7Tev)
— Total Unc.
—— CDF full Run Il (arXiv:1211.4523)
——e—— DO (PRD 83, 032009(2011))
- CMS preliminary(u+jets, single-top|
topology, 1.14 fb™' fs = 7 TeV)
CMS preliminary(u+jets, sing
topology, 5.3 fb™” fs = 8 TeV)
CMS preliminary(u+jets, single-top|
—_—.
topology, Combination
PRI N T TN SN T NN TN SN TN AN AN SN TN AT S T SO TN SO T NN TR WY S
-0.2 -0.1 0 0.1 0.2
FR

CNS peolminary, 7 ToV o 3 TeV

-y
wr

P .)'63". ‘F?,‘A

o
\'6:;.", '.-01_'.:_"3’:;

B oy Single top
limits on
- 268 CL
anomalous
« Bestfit

couplings




Top Properties




Mass measurements

0 Templete Fit Method (j+jets)
0 Ideograms Method(l+jets, fully

hadI‘OI?iC) _ o Combination done with BLUE
O Analytical Matrix weighting Mt= 173.4%0.4(stat) +0.9(syst) GeV

technique(dileptons)
0 Full kinematic analysis(dileptons)
0 Kinematic endpoints(dileptons)
0 In-situ jet energy scale (JES/JSF)  cms preliminary

CMS PAS TOP-11-018

calibration
CMS 2010 dilepton T755-46+46
CMS 5.0 fb1 \/_ 7 Tev (.Hets JHEP 07 (2011) (L=36 pb) {val. = stal. = syst)
v T 25
L CMS 2010 lepton+jets 173 1£21x27
) L PAS-TOP-10-00 (L=36 pt') - stal. = syst)
1.005}
20 CMS 2011 dllepton 172.5+04+=15
arXiv:1209.2393 (1 {val, + stat. = syst)
I B ( N\ CMS 2011 lepton-ets 17352042 1.0
15 arXiv.1209.2318 (L=5.0Mb > Slal. = syst)
0.995 R N\ CMS 2011 all-jets 17350713
SRR \ PAS-TOP-11.017 {(L=3.54/b) {val. = stat, = syst)
' 10 :
0.99 CMSL C_Urr'1blnat10n 173 4x04= 0 0.9
- i up 1o L= 5.0Mp .= slal = sys
Tevatron 2012 combination 173.2 =06£08
0985 5 arXiv.1207.1065v2 up to 5.8 > slal. = syst)
| | | |
098 [ — 0 1 60 1 65 180 1 85
172 173 174 175 My, [GEV]

JHEP 12 (2012) 105 M [GeV]

I Top at CMS




Top mass dependence with top kinematics

CMS PAS TOP-12-029

Relation contains (non)perturbative corrections, expected to depend on
event kinematics

Check the mass dependence with kinematic variables
test for color conections effects, ISR/FSR and b-quark kinematics
Precision does not allow to distinguish between different tuning =>
data/MC agreement rule out significant biases

CMSmﬂmmmm\s 7kVEanp$ CMS preliminary, \s =7 TeV, lepton+jets CMSmdmmmy\s 7mvaNHp$

I T — B BEAREEREEE n s e LS B

o ﬂza 55?1 sz)2 e Data (5.0 fb)

i ythia 2 .

-~ MG, Pythia P11 MG,Pythiaz2 =
MG, Pythia P11noCR] Powheg, PythiaZ2 _

-- MC@NLO, Herwig - -- MC@NLO, Herwig |

e Data (5.0 fb" ‘)

—— MG, Pythia Z2
— - Powheg, Pythia Z2
-- MC@NLO, Herwig

IlIIIIII
I|I|I
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'3 NI I I

data - MG Z2 [GeV]

data - MG Z2 [GeV]
—o—+

data - MG Z2 [GeV]

;IIII[I]III]III]

S il I AN A AT A

o IIII|IIII||III|IIII|

406500600 700600007000 g
m; [GeV]

Number of jets
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Top -anti top mass difference

O CPT predicts equal CMS PAS TOP-12-031
mass for top-antitop

quarks=) deviation Am,_ (1) Am,_(p+e)
f this h thesi e top top
deepimpactonsM  MEMGARD (Mev) (MeV)

Using l+jets channel, 1230+264 (s -3252294 (staty  -2722196(stat) £122(syst)
data is divided in 1* -
or I plus 3 jets to

obtained the top CMS Preliminary, 19 b at Vs = 8 TeV [Ill & CMS Preliminary, 19 fo" at Vs = 8 TeV Mg |
decays. The > 25000 T T I I T g Wkets | S 25000 I T I I T g Wt
: 3 g | +jets W Zsjets | i I"+jets B Z+jets
ideogram methods € 000} M Single-Top| . 50000 I Single-Top
is used to obtained < g acb N i QacD
@ 15000 —+ Data % 15000 —+ Data
the mass fortopor £ ™} £
anti-top and finally 3 10000f (& 10000/
5000/ ] 5000
O 1.4 HHRHHHHHEEEREEE R O 1.4 teiamaialoioota
% 1'21_ tesssese oo . "n‘.“,.¢¢++++ +++++T++ o % 121 liosoorecsessces .o .o.‘.’ta."+ ++++‘1, +++++:+l‘
T 08 ' © 0.8 bh !
Q 0.6kt bbb b ol ] RS FETEE FEEEEEEEEETETEETEETETEETEIETEEIEEE
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Fitted Top Mass (GeV) Fitted Top Mass (GeV)
Amt = mt — M- Results consistent with SM, precision higher than
op 1

existing measurement
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Many more analysis
done in CMS

They compress production, decays,
propeties, search for new physics
with top

More results into :

0 Top spin correlations

0 ttV production

0 Top polarization

0 Search for FCNC in top decays

0 Search for resonances in ttbar production

0 Search for pair production of new physics
resonances decaying into ttbar

0 Search for tb resonances

0 Search for top partners with 5/3 charged
0 Search for b’ and t’

0 Search for Z’ into top pairs

0 Etc...

https://twiki.cern.ch /twiki/bin/view/CMSPublic/PhysicsResultsTOP

https://twiki.cern.ch /twiki/bin/view/CMSPublic/PhysicsResultsB2G (for search

of NP with tops)

Top at CMS




Conclusions

0 Top is still a very exciting topic at colliders

0 High precision measurements at LHC are reached now

0 Large statistics samples allows to perform detailed
studies of the characteristic of this quark

0 So far everything agrees with SM prediction for this
quark.

0 Finalizing the results with 8 TeV trying to include the full
statistics. More results and better precision expected
before the beginning of the LHC again.

0 Very good Top quark physics understanding is essential

for the CMS search of new physics program

0 Full CMS potential for top physics is still underway, stay tune
for more news

L RVir | Top at CMS 2




Additional material




LHC performance

Spectacular performance of the LHC, CMS and ATLAS!

m Over 20 fb-" data in pp collisions recorded in experiments in 2011 and 2012:

~ 5fb' @7 TeV: luminosity 3 1033 cms2s' — ~ 0.8M tt events
~14 fb' @ 8 TeV: luminosity 7 10°3 cms? s — ~ 3.0M tt events

m Data taking efficiency > 90%
m Plans: to get 30 fb~! before end of 2012

CMS Total Integrated Luminosity, p-p

‘T‘\ T ‘ \\\\\\\ ‘ T T T T T T ‘ T T T T T T —
o 2010, s = 7 TeV 7
L 2011, {s =7 TeV —16
> 2012, s = 8 TeV —
2 ]
7] = B
L C ]
£ - N
= — _
3 I 112
g C B
- — —10
E - _
g C B
= — —18
3 . ;
= 7 6
[ B -
C —4
— -2
07 \\\\\\\ 70

02/05 02/07 01/09
Time in year
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Experimental techniques

CMS_ |

0 Isolated Leptons (e, p or tau)

0 isolation cuts against QCD backgrounds
O Pile-up subtraction

0 based on charged component

0 Residual area based correction for
neutral

0 Jet (and missing ET)

0 CMS: particle flow (track/calo
combination)

0 optimal resolution and scale
uncertainties

0 minimal flavour response diferentes
0 B-tagging
0 combination of several techniques

(vertex, impact parameter, track
distributions within jets )

Top quarks require high precision
calibration of jets and b-tagging

L RVir | Top at CMS

CMS Uncertainties comparable
to 2010, 2011.

MSprellmlnary, L=16fb" {s=8TeV

=Total uncertainty ]
—Absolute scale
-+ Relative scale
- Extrapolation

= Pile-up, NPV=12
= Jet flavor

< Time stability

—

o s N W s OO0~ 0O D

JEC uncertainty [%]

Anti-k; R=0.5 PF
I'nl0

jet
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Experimental techniqgue

b-tagging
CMS Simulation, \Js = 7 TeV

1 proprrpmroro oo gt efficiencies of the light quarks
versus the b’s
For the different algorithms
107

c-jet efficiency

102

®

I I A |

U‘I_

0.6 070809 1
b-jet efficiency
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Oot [PP]

MC simulations

Baemreuther, Czakon, Mitov 1204.5201 [hep-ph]

L, CDF, L=4.6fb " —— |
DO, L=5.4f" ——

12

10 ¥

( Tevatron)

m Calculations

NLO

NLO+NNLL and approx. NNLO
full NNLO (available for qq)

m Event generators

D NLO¥PS
2 Inde;r)endes'n{!.l,:l:,sc:aln varlétlon MC@NLO
164 166 168 170 172 174 176 178 180 182 POWHEG
Miopl GeV] Tree-level (+ HO) matched PS
full NNLO now available for qq — tt MADGRAPH
ALPGEN
SHERPA
~ PYTHIA (LO)
cvs |  MADGRAPH ttbar sample tipically normalized
. CTEQ6 PDF according to one of the existing
Mt=1725GeV approximate NNLO cross sections

_/
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Modeling uncertanties

m ttbar signal compared with different MC generators to access differences
netween the NLO+PS generators, as well compare ME+PS with NLO+PS event
generators.

m Compare PYTHIA and HERWIG to access variations in the PS and
hadronization description.

m Study the impact of the choice of scales: vary the renormalization and
factorization scales by 0.5 and 2.0 w.r.t. The different default values, both for
signal and the most important backgrounds (V+jets)

m Effect of increasing or decreasing the amount of ISR and FSR is evaluated with
dedicated samples: PYTHIA (for CMS) and ACERMC (for ATLAS).

m For those samples with ME+PS: study the choice of matching scale by varying
the scale w.r.t the default value some amount.

m PDF choice: using error PDF sets ( LHAPDF for CMS) or PDF4LHC prescription
in case of ATLAS.
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Differential xs _

(! VL N\t
1 do - Nbata — NBG voono
cdX o AL€eL ™ ;r\ ,
: normalized

A

. diff. xsec

-—-—_-9 | \'
o ™ \

Cut and count approach

Data driven corrections
» Drell-Yan background (dileptons)
» Trigger efficiencies
» Lepton identification and isolation
Corrected to parton or particle level and for detector effects
» Purity & stability typically > 50%
» Regularised (8VD) unfolding (MadGraph+Pythia MC)
Normalised to in-situ cross section
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Top recontruction

» Dileptons
» Kinematic reconstruction
» Underconstrained
» Input
- & leading jets
- & leptons
- MET
» Constraints
- INw
- MET = ) (neutrino pr)
- i =mz [ 100 GeV, 300 GeV]
» Chose solution by comparing

neutrino energy spectrum to
prediction

» For my;only: 4-vector sum of 2
leading jets, MET, 2 leptons

Top at CMS

Kinemaitic P TR .
Reconstruction
(Dileptons)

et

!‘ '
‘m, 2

 Lepton + jets
» Kinematic fit
» Input
- Lepton
- up to 5 leading jets
- Neutrino momentum = MET (initally)
» Vary 4-Vectors within Resolution
- INg = g

- INw

» Chose solution with minirnum x?




Lepton (1) + jets channel

Relative uncertainty [%] CMS |

Jet energy correction +10.5 \

Jet energy resolution +19

Unclustered ETUss + 6.6

Tau energy correction +6.6

Tau identification +9.0 . .

Tau trigger leg +74 m Main SyStematlcs:
B-tagging +2.8 v identification (~ 9%), JES (~
Pileup +4.9 -1.4 10%)

Top quark mass +2.8

Q? scale +2.2

Parton matching +3.0

PDF +5.2

Theoretical cross section +28

Systematic +20.0

Statistical from fit and MC +7.7

Statistical from trigger +1.4

Total statistical +78
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Xs All hadronic channel

Source Relative Uncertainty (%)

‘ B-Tagging 15.7
CMS Main systematics: b-tagging eciencies (~ Jet Energy Scale 13.5
| 16%), jet energy scale (~ 14%), and background Background 12.2
estimation (~ 12%) Q* Scale 8.7
Tune 8.1

ISR/FSR 5.6

Top Quark Mass 5.3

Parton Shower Matching 5.2

Jet Energy Resolution 4.8

Trigger 4.5

Pile-Up 0.6

Systematic 29.1

Statistical 14.3

Luminosity 6.0

Total Uncertainty 33.0

L RVir | Top at CMS 2




CMS

Xs Lepton (e/p) + jets channel

@ 7TeV 1.1 fb- @ 8TeV 2.8 fb-"

TABLE 1. Overview of the systematic uncertainties on the cross section
measurement. Uncertainties marked with (*) are obtained from 7 TeV.

Source IMuon Electron | Combined Systematic Combmffd fit
Analysis | Analysis | Analysis Sov (%)
- : Jet Energy Scale +4.3 -5.0
Quantity Uncertainty (%) Jet o -
_ Jet Energy Resolution +0.5-1.1
Lepton ID /reco/trigger 3.4 3 3.4 Pileup 0.7 0.7
ETreSOlLIt’ion_due to unclustered energy <1 <1 <1 Background Composition -0.1 +0.1
tT+Hets Q2 scale 2 2 2 W+Jets template shape from unweighted 7TeV 0.9
ISR/FSR, 2 2 2 Normalisation of data-driven multijet shape 0.9
ME to PS matching 2 2 2 b tagging efficiency measurement 8.0
Pile-up 2.5 2.6 2.6 Trigger Efficiency -2.8 +3.2
PDF 3.4 3.4 3.4 Lepton selection -2.4 +2.8
Profile Likelihood Parameter Uncertainty (%) Factorization scale (*) +6.2 -2.1
Jet energy scale and resolution 4.2 4.2 3.1 ME-PS Matching threshold () +4.6 -3.1
b-tag efficiency 33 34 9.4 PDF uncertamtleslgt*) —1.'6 -2.0
W tjets Q2 scale 0.9 0.8 0.7 Top Quark Mass (¥) +0.3 +1.4
Combined 7.8 7.8 7.3 L —
Total +12.7 -11.4
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CMS

Conpct oS

Xs Dilepton (e, p) channel

@ 7TeV 2.3 fb1 @ 8TeV 2.4 b

Source Uncertainty on og(pb) Source Cont. to the as(pb) | Cont. to the ¢:z(%)
Diboson 0.4 Vv 0.3 0.1
Single top 23 Single top - tW 2.2 1.0
Drell-Yan 1.0 Non W/Z leptons 3.2 1.4
Non-W/Z leptons 0.6 Drell-Yan 1.6 0.7
Lepton Efficiencies 1.7 Lepton efficiencies 4.0 1.8
Lepton Energy Scale 0.5 LES 0.7 0.3
Jet Energy Scale 2.8 JES 5 0K
Jet Energy Resolution 0.5

Er Effic?e}lllcy 1.9 ey _ =8 il
b-tagging 1.1 B.- tageing 2.0 0.9
Pileup 0.7 Pile-up 3.3 1.8
W Branching Ratio 2.7 Branching ratio 3.9 1.7
Q? scale of QCD 1.0 Event Q2 scale 1.6 0.7
Matching partons to showers 1.0 Matching 1.6 0.7
Total systematic 5.6 Total Systematic 10.7 4.7
Integrated luminosity 3.6 Lumincsity 10.0 4.4
Statistical 2.6 Statistios 31 14
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LHC combination @ 7TeV

« LHC combination from TOPLHCWG working group : combination of the
%I'Ib,gg)and CMS combinations (ATLAS-CONF-2012-134, CMS PAS TOP-

« BLUE method used : simple and compatible results with likelihood based
methods.

« Type of uncertainties and their correlations :
— Detector modeling : uncorrelated.
— JES : uncorrelated (assumption tested).
— Signal modeling : fully correlated (assumption tested).
— Backgrounds estimated from data : uncorrelated.
— Backgrounds estimated from simulation : fully correlated.

— Luminosity : partially correlated, bunch charge uncertainty (fully correlated, 3%
for ATLAS, 3.1% for CMS) or detector related uncertainty (uncorrelated 2.4% for

ATLAS, 3.6% for CMS).
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LHC combination @ 7TeV

ATLAS-CONF-2012-134, CMS PAS TOP-12-003
ATLAS CMS Correlation LHC combination

Cross-section 177.0  165.8 173.3
Uncertainty

Statistical 3.2 2.2 0 23
JES 2.7 3.5 0 2.1
Detector model 53 8.8 0 4.6
Signal model

Monte-Carlo 4.2 1.1 1 3.1
Parton shower 1.3 2.2 1 1.6
Radiation 0.8 4.1 1 1.9
PDF 1.9 4.1 1 2.6
Background from data 1.5 34 0 1.6
Background from MC 1.6 1.6 1 1.6
Method 2.4 n/e 1 1.6
W leptonic branching 1.0 1.0 1 1.0
Luminosity

Bunch current 53 5.1 1 53
Detector effects 4.3 59 0 34
Total systematic 10.8 14.2 0.8
Total 11.3 144 10.1
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Mass svstematic unc.

Dileptons Lepton-+jets Dileptons Lepton+jets | All jets
2010 2010 2011 2011 2011

Measured my 175.50 173.10 172.50 173.49 173.49
JES 4.0 23 1.2 0.75 1.1
Lepton energy scale 0.30 — 0.14 0.02 —
MC generator 0.50 — 0.04 — —
ISR/FSR 0.20 0.20 — — —
PDF 0.50 0.10 0.09 0.07 0.06
Factorization scale 0.60 1.10 0.55 0.24 0.22
ME-PS matching threshold 0.70 0.40 0.19 0.18 0.24
Signal
Jet energy resolution 0.50 0.10 0.14 0.23 0.15
b-tagging 0.40 0.10 0.09 0.12 0.06
MET scale 0.10 0.40 0.12 0.06 —
Detector Modeling
Underlying event 1.30 0.20 0.05 0.15 0.32
Background MC 0.10 0.20 0.05 0.13 —
Background Data — 0.40 — — 0.20
Fit calibration and MC 0.20 0.10 0.40 0.06 0.13
Pile-up 1.00 0.10 0.11 0.07 0.06
Color reconnection n/e n/e 0.13 0.54 0.15
Trigger — — — — 0.24
Total Systematic Uncertainty 452 2.63 1.41 1.03 1.25
RV | Top at CMS I




Svstematic unc diff xs

O Global uncertatintiesdue to normalisation

0 Remaining shape uncertainties evaluated individually for
each bin:

0 Jet energy scale and resolution

0 Lepton identification and isolation efficiencies
0 Trigger efficiencies

0 B-tagging efficiencies

0 Pile up modelling

0 Top mass uncertainties
0 Scale and matching scale variations (dominant)
0 Hadronisation (POWHEG+Pythia, MC@NLO+Herwig)

O PDF variations
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T-channel cross section

7TeV

BDT

Uncartainty source NN "7;"
] Statistical —6.1/45.5% —4.7/45.4% +8.5%
= Limited MC data —1.7/4+2.3% +3.1% +0.9%
g Jot enargy scale —0.941.9% +0.6% —3.94+4.1%
po ® Jat energy resolution —0.340.6% +0.1% —0.741.2%
= T b tagging —2.7143.1% +1.6% +3.1%
o E Muon trigger + reco. —2.2142.3% +1.9% —1.5+1.7%
= i Electron trigger + raco. —0.6/40.7% +1.2% —0.8/40.9%
b=
S| & Hadronic trigger —1.941.2% +1.5% +3.0% 8TeV
3 Pileup —1.00/4+0.9% +0.4% —0.340.2%
= MET modeling —0.00/+0.2% +0.2% +0.5%
? ijets —2.004+3.0% —3.5/4+2.5% +5.9%
= 3 light flavor (u, d, s, g) —0.2/+0.3% +0.4% na Uncertainty source in pb relative
o heavy flavor (b, c) —1.942.9% —3.5/42.5% n‘a ~Gtati _l‘. = 157 550
o | f —0.9/+0.8% +1.0% +3.3% T O s i N i e
S QCD, muon +0.8% +1.7% +0.9% Wijets and ttmodeling +3.6 + 4.5 %
@ QCD, elactron +0.4% +0.8% —0.440.3% JES 6.2/ +47 78 / +58 %
s-, tW ch.,, dibosons, Z+jets +0.3% +0.6% +0.5% . oy o
Total marginalised uncertainty —7.71+7.9% —7.7+7.8% va JER 0.8 t0.3 L0 t04 %
Luminosity 32.2% Unclustered ¥4 08 /+ 0.7 1.0/ 409 %
3 . Scale, T —3.3+1.0% 0.0% —3.0+2.1% Pileup —05/403| -06/+04%
= = Scale, W+jets —2.840.3% —0.0/4-3.4% n'a . i b / / o
= @ Muon trigger + reconstruction | — 4.1/ + 40| —51/+51%
£ | £ | scae,t- s tWchannels —0.4/4+1.0% +0.2% —2.242.3% L BB S : &
§ | 2 | Mathing, +1.3% +0.4% 40.4% K2 +2.5 £3.1 %
3 § t-channel generator +4.2% +4.6% +2.5% tf, rate - 15/4+17 | =19/ +21%
= | = | EEE +1.3% £1.3% £2.5% QCD, rate +0.7 +0.9 %
‘Total theor. uncertainty —b6.3+4.8% —4.0/45.9% —5.6/+4.9% s ‘l' S +4.4 TErEQ
Syst. + thaor. + luminosity uncart. —8.1/47.8% —8.1/+8.4% +10.8% channel generator - £ 70
Total (stat. + syst. = theor. = 1um.) —10.1/10.5% | —0.4+10.0% £13.8% Other backgrounds, rate +0.5 +0.6 %
b-tagging +3.7 +4.6 %
PDF + 3.7 +4.6 %
Simulation statistics +1.8 +2.2 %
Total systematics +11.0 +13.7 %
Luminosity uncertainty +4.0 5.0 %
Total +13.0 +16.3%
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Svstematic unc. W helicit

[Vi=8TeV [ =7TeV

S_ystematic source AF; AF)p AFL AFy
‘ A A » Systematic source AF, Al

JES 1 0.006 | 0.006 [ 0.020 | 0.020
JER | 0.008 | 0.003 || 0.015 | 0.010 JES 0.007 | 0.007
unclustered energy 1 0.013 | 0.003 || 0.015 | 0.015 JER 0.011 | 0.003
pileup | 0.002 | 0.003 || 0.004 | 0.000 unclustered energy | 0.018 | 0.010
b-flavored scale factor | 0.004 | 0.006 || 0.009 | 0.009 pileup 1 0.002 | 0.002
non-b-flavored scale factor 0.004 | 0.007 || 0.002 | 0.001 b-flavored scale factor 0.003 | 0.001
single-top generator | 0.008 | 0.014 || 0.004 | 0.004 || non-b-flavored scale factor | 0.001 | 0.002
Q7 scale 0.009 | 0.012 || 0.040 | 0.007 single-top generator 0.005 | 0.009
Miop | 0.005 | 0.006 || 0.010 | 0.010 Q7 scale ' 0.006 | 0.008
PDF 0005 | 0.005 || 0.000 | 0.000 Myop 1 0.001 | 0.001
tt normalization 0.002 | 0.003 || 0.008 | 0.008 PDF 0.003 | 0.003
QCD shape 0.002 | 0.002 || 0.004 | 0.004 tt normalization 0.003 | 0.002
W +jets shape 1 0.008 | 0.010 || 0.010 | 0.010 QCD shape | 0.003 | 0.003
integrated luminosity | 0.003 | 0.003 || 0.007 | 0.007 W jets shape | 0.012 | 0.011
SM W-helicity reference 0.004 | 0.003 || 0.001 | 0.002 integrated luminosity 0.010 | 0.010
stematic uncertainty (w /o generator) | 0.022 | 0.021 || 0.054 | 0.035 SM W-helicity reference 0.002 | 0.001
total systematic uncertainty | 0.024 | 0.026 || 0.054 | 0.035 || total systematic uncertainty | 0.030 | 0.023
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